The present paper summarizes experiments that were designed to determine the effects of semen diluents and cryoprotectant levels on viability of frozen-thawed crane semen, sperm damage before freezing and after thawing, and techniques that would result in increased numbers of fertile eggs and progeny from cranes inseminated with frozen-thawed semen.
METHODS
Artificial insemination techniques, semen evaluation methods, and crane management regimes used in this study were described by Gee and Temple (1978) and Gee and Sexton (1979, 1980) . The present study consisted of 12 experiments: 9 experiments to determine optimum conditions for semen collection, semen dilution, freezing, and thawing, and 3 insemination trials with frozen semen. 
Sample Preparation
Experiment 1 was designed to study the effect of semen temperature before cryopreservation on sperm survival in the frozen-thawed sample. Clean, individual semen samples were collected, diluted, and transferred to 1-ml collection vials. The vials were held at either 3, 6, 9, or 12 C before adding the cryoprotectant and freezing. In all 12 experiments, sperm survival was determined from three 5% eosin-10% nigrosin stained slides. In Experiment 2, fresh semen was diluted at the time of collection or at the time the cryoprotectant was added. DMSO (4%) was added to both samples, the samples frozen, and sperm survival in the frozen-thawed samples compared.
Because the pH (7. 
Cryoprotectant
Experiment 3 was conducted to examine the effect of holding semen up to 3 hours (extender equilibration) before adding DMSO. Diluted semen samples were held at 3, 6, 9, or 12 C before adding DMSO and freezing. Sperm survival in the frozen-thawed sample for each equilibration time of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 hours was compared. Experiment 4 was conducted to compare the addition of concentrated DMSO to semen, with the addition of DMSO diluted with BPSE. DMSO or DMSO diluted with BPSE was added to obtain a 4% concentration at a 1:2 dilution rate. Experiment 5 was conducted to compare the cryoprotectant effect of DMSO concentration in crane extender on sperm survival in the frozen-thawed sample. Diluted DMSO was added to pooled semen to obtain DMSO concentrations from 2 to 6%. In addition, separate studies were conducted comparing 3% with 4% DMSO, or 5% with 6% DMSO in crane extender.
Frozen-Thawed Semen
After thawing in an ice bath, semen was removed from the straw with a 1-ml syringe, and sperm survival was determined. A comparison was made of samples thawed, as described previously, with those thawed and immediately diluted with an equal quantity of chilled (1 C) BPSE (Experiment 6). Frozen semen straws were thawed 4-10 weeks (short-term storage) and 8-10 months (long-term storage) after freezing. The effects of short-term (Experiment 7) and long-term storage (Experiment 8) on sperm survival were compared.
Fine Structure
Semen samples (undiluted, diluted with crane extender, diluted plus 6% DMSO, or diluted plus 6% DMSO frozen and thawed) were prepared for scanning electron microscopy (SEM), Experiment 9. The samples were examined for progressive motility and percentage live spermatozoa before fixation for SEM. Semen samples were placed in 2% glutaraldehyde in 0.15 M cacodylate buffer, pH 7.4. Samples were stored at 5-6 C for 2-3 weeks before dehydration in an ascending series of ethanols. Criticalpoint dried spermatozoa were deposited on double-sticky Scotch tape attached to aluminum stubs and examined with either a Hitachi 430 or a Hitachi HHS-2R (Hitachi, Ltd., Tokyo, Japan) Scanning Electron Microscope.
Insemination Trials
Four pairs of greater sandhill cranes were used for insemination with frozen-thawed semen. Crane pairs were housed outside in 186-m2 pens, separated from the females by a 2.4-m-high wire fence beginning in February, 2 months before egg production and throughout the reproductive season (Apr-Jun). Eggs were collected and artificially incubated in a Petersime Model 4 forced-draft incubator (Petersime Incubator Co., Gettysburg, Ohio) at 37.7 C and 55% relative humidity. After 30 days, unhatched eggs were examined for fertility.
Inseminations began before the first egg was laid and were made on Monday, Wednesday, and Friday and on the day of oviposition. Frozen-thawed semen was inseminated in the vagina or in the urodeum adjacent to the vagina. The volume of frozen-thawed semen per insemination was 0.25 ml in Trials 1 and 2 and 0.50 ml in Trial 3. In addition, fresh semen was diluted 1:2 in Trials 1 and 3, and 1:1 in Trial 2 (Table 1) .
RESULTS AND DISCUSSION
Several pre-freeze manipulations increased survival of spermatozoa in frozen-thawed semen. In Experiment 4, with BPSE and 4% DMSO, a larger percentage of spermatozoa survived the freezing-thawing procedure in four of five replicates (P < 0.1) when DMSO was diluted with BPSE before adding to the semen (61 ? 10%) rather than adding the DMSO directly to the semen pool (46 ? 12%).
The 6% DMSO level provided the greatest percentage of live, motile spermatozoa (55%) from the frozen-thawed semen when compared to 2 (16%), 3 (25%), 4 (36%), and 5% (36%). The percent live cells recovered from the frozen-thawed semen in Trial 3 (49 ? 5%) in 6% DMSO in crane extender was greater than in Trials 1 (40 ? 4%) and 2 (35 + 5%) and greater than reported previously with 4% DMSO (Gee and Sexton 1979).
Several pre-freeze and post-thaw manipulations had little influence on sperm survival. These were: semen holding temperatures of 3-12 C (Experiment 1); semen holding time of 30-75 minutes before DMSO addition (Exper- b BPSE adjusted to the pH and osmolality of crane semen (7.8 pH and 310 mosM). c DMSO diluted with semen extender before final semen dilution. iment 3); semen dilution when collected or 30-90 minutes later (Experiment 2); and dilution after thawing (Experiment 6). Sperm survival in straws from the same semen pool was not affected by storage or thawing. Semen straws were filled with 0.3-ml aliquots from each semen pool and frozen at one time but on different aluminum canes. In Experiment 7, survival of semen stored for 4-10 weeks but thawed on different days in the same 30-day period was similar. The first samples thawed averaged 50 ? 13% live, and the second samples thawed averaged 47 + 12% live spermatozoa. In Experiment 8, sperm survival in semen stored for <1.5 months and those stored for >8 months was similar. The samples thawed after 1.5 months averaged 40 + 9% and those thawed after 8 months averaged 44 ? 13% live spermatozoa.
Based on SEM, the addition of crane diluent and the subsequent addition of 6% DMSO did not appear to be detrimental to spermatozoa. Normal appearing spermatozoa in undiluted, diluted, and diluted plus 6% DMSO semen were simple, filiform-shaped cells which tapered from about 0.8 sm maximum head diameter to about 0.25 pLm diameter at the tail just distal to the mitochondrial sheath. Although no attempt at quantification was made, it was obvious that most spermatozoa in undiluted, diluted, and diluted plus DMSO semen exhibited some structural abnormality (Fig. la, b) . Head abnormalities were most prevalent and ranged from local dilations (possibly due to unequal condensation of chromatin material) to an overall thickening and irregularity of the sperm head. More extreme abnormalities included spherical or oblong shaped heads from which a tail projected. Occasionally the sperm plasmalemma had a ruffled appearance or was partially disrupted, exposing the mitochondrial sheath or conical shaped acrosome. Whether such structural diversity can be correlated with the low percentage of live sperm scores seen in the present study is not known. Nevertheless, such structural variation has been noted previously (Gee  and Temple Most frozen-thawed crane spermatozoa were extensively damaged, particularly at the midpiece where the mitochondrial sheath was exposed, revealing rounded and dislodged mitochondria (Fig. Ic, d 
